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The primary purpose of the present study was to explore the
possibility that secondary plant metabolites produced by Artemisia
tridentata Nutt, influence the distribution of fungi in soil.
Microfungi were isolated from samples collected 2-3 cm below the
litter layer in an Artemisia tridentata stand near Clearwater
Junction, Montana. Comparisons made between fungal isolates
obtained from samples collected beneath Artemisia shrubs and
isolates obtained from open grassy areas revealed no clear
distinction between the species composition of the two sample
locations.
Therefore, it is not possible to conclude that
secondary compounds produced by Artemisia influence the
distribution of microfungal species in soil. There was some
indication that the distribution of soil fungi in the stand
reflects a soil mositure gradient.
The effects of Artemisia macerated leaf extracts and volatile
essential oils were tested on the growth of isolates obtained
from soil, Artemisia litter and Artemisia root fragments. There
was no pattern of response with respect to whether a species was
isolated from grassland soil, from litter or from roots.
Isolates
of a given species from beneath Artemisia plants and from grassland
were also exposed to vapors from essential oils.
In most cases,
the treated Artemisia isolate grew more vigorously (with respect
to controls) than did its corresponding grassland isolate,
suggesting ecotypic variation.
Soils exposed to vapors from essential oils showed an increase
in total respiration immediately following exposure. An increase
in respiration was also found in two species of Pénicillium
which had previously been found to be inhibited in growth by the
volatiles.
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Chapter I

INTRODUCTION

During the past several years interest has grown concerning the
ecological significance of various secondary plant metabolites.

Although

there is no clear distinction between what constitutes a primary plant
metabolite and what constitutes a secondary metabolite, it is generally
accepted that secondary metabolites are compounds which have no "clearly
recognized function in the metabolic activities of the organisms in which
they are found"

(Geissman and Crout, 1969).

Since no clear metabolic

function is known for secondary compounds, speculation has arisen that
many are involved in chemical interactions between the plants that produce
them and other organisms.

Allelopathy is one role that has been suggested

for some of the plant constituents which fall under this designation.
The western North American shrub Artemisia tridentata (Big Sagebrush)
is one plant that has received attention as a source of potentially
allelopathic compounds.

The present study examines the possibility that

secondary compounds produced by A. tridentata Nutt. ssp. vaseyana (Rydb.)
Beetle influence the distribution of soil microfungi.

In so doing, it not

only explores the ecological significance of secondary compounds, but it
also explores one approach among many in determining what environmental
factors contribute to the distribution of saprophytic fungi.
Rice (1974) believes that the term "allelopathy" should include "any
direct or indirect harmful effect by one plant (including microorganisms)
1

on another through the production of chemical compounds that escape into
the environment."

This definition would seemingly allow the term

"allelopathy" to be applied to the inhibition of fungi by compounds
produced by higher plants.

On the other hand, some authors (e.g., Muller,

1966) quite clearly reserve the term for interactions between higher
plants only.

I am inclined to favor the latter usage and will not refer

to any possible inhibition of fungi by sagebrush as allelopathy.

Soil Microfungi - An Historical Sketch

In large part, the present concept of "soil fungi" seems to have
come into being with the work of Waksman (1916, 1917) who set out to
answer the question "Do fungi actually live in soil and produce mycelium?"
He concluded that they do.

Then, for many years there were two schools

of thought regarding the ecology of fungi in soil.
soil fungi were cosmopolitan and occurred randomly.

One school held that
Another school

believed that species respond variously to environmental factors.

The

latter belief was given strong support by the work of Tresner e^ al. (1954)
who demonstrated that the soil microflora changes in parallel with
succession in higher plants along the continuum from pioneer to climax
forest community-

These workers even proposed that certain fungi were

"indicators" of particular habitats.
The work of Tresner e^ al. was further substantiated by an important
series of papers published by workers in Wisconsin.

One of these

researchers (Christensen, 1969) concluded that soil fungi in samplings of
Wisconsin conifer and hardwood forests responded most strongly to higher

plant cover and the calcium content of litter as an environmental grad
ient.
Studies of the type just cited have served to circumscribe the
concept of soil fungi in that they have employed a common isolation
technique, the soil dilution plate method.

This technique involves

plating soil suspensions onto a so-called "non-selective" agar medium.
Hyphal tips of colonies obtained in this manner can be transferred to
pure culture.
It is in some ways unfortunate that "soil fungi" have come to
be somewhat synonomous with fungi isolated in this manner.

Many

(e.g., Griffin, 1972) have criticized the soil dilution plate method
very sharply.
non-selective.

One major criticism is that no medium is completely
Fungi found on dilution plates are most often

Deuteromycetes, along with fewer terrestrial Phycomycetes and Ascomycetes
Basidiomycetes and larger Ascomycetes (macrofungi) are virtually never
found.
Despite the objections to the dilution plate method, it remains a
useful technique.

Its strength lies in the fact that data obtained

can be quantified, and those organisms which are commonly isolated can
be isolated consistently.

The method is valuable as long as the user

realizes that only a segment of the total fungal community is being
sampled.

If Tresner et a l . (1954) are to be believed, "there can be

little doubt that the species which were isolated are some of the most
prominent members of the soil fungal populations in the forests in
question."

Sagebrush and Allelopathy

Sagebrush produces a variety of chemical constituents that can be
classified as secondary plant metabolites.

Classes of compounds which

have received attention as possible allelopathic agents include coumarins,
sesquiterpene lactones, and volatile monoterpenes.
Brown (1973) and Melnikoff (1970) have studied coumarins from
Artemisia tridentata ssp. vaseyana.
and coumarin glycosides.

Melnikoff isolated five coumarins

Two of these, esculin and scopoletin, were

found by McCahon £t al. (1973) to inhibit the growth of Cucumis sativus
seedlings.
The physiological activities of sesquiterpene lactones from
sagebrush have also been investigated by McCahon e^ ad.

Several of

these were found to inhibit root radicle and hypocotyl elongation in
Cucumis.

Concentrations of 10

-4

M and greater were effective.

T. J. Watson (University of Montana, Department of Botany) and
R. G. Kelsey (University of Montana, Department of Forestry) have
unpublished data which suggest that some sesquiterpene lactones inhibit
nitrifying bacteria

vitro (personal communications).

Rice and

Pancholy (1972) have suggested that such a phenomenon may be common in
some climax ecosystems.

They have hypothesized that climax grasses

produce tannins and other compounds which inhibit nitrification, thereby
conserving nitrogen and energy within the ecosystem.
Volatile monoterpenes have received much attention as potential
allelopathic agents.

The allelopathic properties of the shrub Salvia

leucophylla, now a textbook example of allelopathy, have been investi
gated by Cornelius and Walter Muller.

Volatiles emanating from Salvia

leaves have been found to inhibit root and hypocotyl growth (Muller and
Muller, 1964; W. H. Muller ejb

, 1968) as well as respiration (W. H.

Muller e^ al ., 1968) in Cucumis sativus.

The terpenes camphor and

cineole were the most inhibitory of the volatile compounds isolated.
Volatiles from the leaves of Artemisia tridentata have likewise been
found to inhibit the growth of Cucumis seedlings (McCahon et a l ., 1973).
Sagebrush leaves also contain cineole and camphor.
Although many compounds from sagebrush inhibit the growth of higher
plants, the evidence for an allelopathic effect is sketchy.

In fact—

at least with respect to auto-allelopathy— some evidence to the contrary
is available.

Hazlett and Hoffman (1975) studied the spacings of

Artemisia tridentata shrubs in three locations within Theodore Roosevelt
National Memorial Park, North Dakota.

In the stands examined, they

found Artemisia shrubs to be randomly distributed with respect to one
another.

Such a spacing does not in any case support the hypothesis

that sagebrush is auto-allelopathic.

On the other hand, Hazlett and

Hoffman also observed the spacings of grasses and forbs associated with
sagebrush and found none of these plants to be randomly distributed with
respect to sagebrush plants.

Species growing under and near sagebrush

plants were found to be "either closely associated with the Artemisias
or clearly away from the 'influence' of the shrubs."

Hazlett and

Hoffman drew no conclusions regarding their findings, but suggested
several possible explanations of which allelopathy was one.

Salvia leucophylla plants are characteristically bordered by bare
"zones of inhibition" which extend one to two meters from the shrubs
(Muller, 1966).

Such zones of inhibition are not characteristic of

Artemisia tridentata.

However, I have found bare zones similar to those

of Salvia in one location (Plate I).

There are at least three possible

explanations for such zones:
(1)

They could result from competition for moisture and/or

nutrients.
(2)

Plants on the periphery of sagebrush canopies might be

selectively grazed by small rodents common in the stand.
(3)

These bare zones may be the result of an allelopathic

interaction.

Allelopathy and Microorganisms

Few attempts have been made to examine the effects of allelopathic
compounds per se on microorganisms.

The research that has been done has

dealt primarily with bacteria.
W. H. Muller (1965) sampled soil bacteria in three zones around
Salvia shrubs and found greater numbers of bacteria in grassland samples
than under or near shrubs.

He acknowledged that this could be due either

to the inhibitory effects of compounds produced by Salvia or to reduced
organic matter content in soils under and near shrubs.

He examined the

effects of volatiles from Salvia leaves on the growth of 44 of his
bacterial isolates in pure culture.

Thirty-two of these were inhibited

by the volatiles, five showed increased growth, and seven were

PLATE I

Figure 1.
Bare zone on the periphery of a clump of Artemisia
tridentata ssp. vaseyana shrubs.
Figure 2.
Infrared photograph of a bare zone adjacent to a
clump of Artemisia tridentata ssp.
vaseyana shrubs.
Living
plants show up red.
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unaffected.

There appeared to be no general correlation between the zone

of origin and susceptibility to the volatiles.
Muller also inoculated 36 bacterial isolates into liquid nutrient
broth containing a 5 pl/1 cineole concentration.

Eighteen were inhibited,

eight were stimulated, and ten were unaffected.

Six of the eight isolates

stimulated at this concentration were obtained from soil under Salvia
plants.

At a concentration of 10 yl/1 cineole, many of the previously

stimulated or unaffected isolates were also inhibited.
Nagy and Tengerdy (1967, 1968) have studied the effects of essential
oils from Artemisia tridentata on both deer rumen bacteria and non-rumen
bacteria.

An antibacterial effect on rumen bacteria was observed at a

concentration of 15 pi of oil per 10 ml rumen fluid nutrient broth.

This

effect was demonstrated for non-rumen bacteria at oil concentrations of
10 pi per 10 ml nutrient broth medium.

These workers hypothesized that

essential oils from A. tridentata might cause digestive disturbances if
deer were to consume sufficiently large quantities of sagebrush.
As was previously mentioned. Rice and Pancholy (1972, 1973) have
hypothesized that nitrification in soil is inhibited by climax vegetation.
In studies of forest and grassland communities, they found that auranonium
nitrogen in soils was low in communities in the early stages of succession
and high in climax communities.

Conversely, nitrate nitrogen was high in

early successional communities but low in climax communities.

They con

tend that climax vegetation requires a smaller pool of available nitro
gen than vegetation in early successional stages.

Since nitrate ions

are repelled by soil colloids, while ammonium ions are adsorbed, the

10
situation described above would allow nitrogen to be kept in reserve
without being leached away.
This hypothesis is further supported by the fact that higher counts
of nitrogen-fixing bacteria were obtained from early successional soils
them from climax soils.

Tannins, as well as several other phenolic

compounds (Rice and Pancholy, 1974) produced by climax trees and grasses,
were found to completely inhibit soil nitrifying bacteria ^

vitro.

Many of these compounds were also found in soils.
In addition to conserving soil nitrogen, such an inhibition of
nitrifying or nitrogen-fixing bacteria might be regarded as a form of
allelopathy.

A plant species which is tolerant of low soil nitrogen

levels might effectively reduce competition from less tolerant species by
depleting soil nitrogen levels.

This hypothesis has also been explored

by other authors including Murthy and Ravindra (1975).
Murthy and Ravindra found that colonies of the nitrogen fixing
bacterium Azotobacter were inhibited by root, litter, and shoot extracts
of the grass Aristida adscensionis.

Moreover, soil nitrogen levels were

reduced in soils treated with root extracts and litter leachate.

Murthy

and Ravindra suggested these results as a possible explanation for the
fact that virtually no other higher plant species exist in locations
where A. adscensionis is abundant.
Rychert and Skujins (1974) have studied blue-green algae-lichen
crusts in the South Curlew Valley, Utah, in the Great Basin Desert.
They state that nitrogen-fixing crusts such as these are likely a major
source of nitrogen received by desert ecosystems.

In their studies it

11
was found that nitrogen fixation by such crusts was reduced beneath
Artemisia tridentata canopies.
nitrogen fixation by crusts.

Extracts from A. tridentata inhibited
They suggested this phenomenon might

contribute to allelopathic effects of sagebrush.

Effects of Secondary Metabolites on Fungi - General

Although allelopathy has seldom been linked directly with the
ecology of microorganisms, there has been a great deal of research
concerned with the effects of natural plant products on microorganisms.
This research is, in general, not of an ecological nature.
of it has been carried out along pharmaceutical lines.

Rather, much

Some of the

compounds which have been studied in terms of their effects on fungal
growth are identical to or related to secondary compounds found in
sagebrush.

Although it would be impossible to review all of the research

dealing with the effects of secondary compounds on fungi, some of the
studies most pertinent to the present work will be mentioned.

Coumarin Compounds
The physiological effects of coumarins on fungi have been studied by
several workers.

Dietrich and Valio (1973) have found that coumarin and

various coumarin derivatives inhibit the growth of Pythium and several
other fungi,

Knypl (1963) has found that coumarins inhibit spore

germination and growth in Aspergillus niger, Pénicillium glaucum, and
Rhizopus nigricans.

It appears however, that with regard to fungi, the

ecological implications of these compounds have not been investigated to
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any great extent.
One study with possible ecological implications was carried out by
C. F. van Sumere et al. (1957),

These investigators isolated several

coumarin compounds from the uredospores of wheat stem rust in an attempt
to determine whether such compounds might be involved in the self
inhibition of spore germination.

They not only found that some of these

compounds severely inhibited germination, but they also discovered that
at certain concentrations coumarin stimulated germination.

Aqueous Extracts
There is a good deal of literature which deals with the effects of
aqueous extracts of various plant parts on the growth of fungi.
this research is not applicable here.
worthy of mention.

Most of

However, two investigations are

Nene et al. (1968) screened aqueous extracts of shoots

from 88 plant species for antifungal properties against Helminthosporium
turcicum.

Of 14 such extracts which completely inhibited the growth of

the test fungus, one was derived from a species of Artemisia.
Appleton and Tansey (1975) have tested the effects of aqueous
extracts of garlic bulbs on the growth of fungi in liquid culture.

Most

fungi they examined grew more slowly or not at all in the presence of
extract.

Of interest from an ecological point of view are comparisons

they made of bacterial and fungal counts from soils plated onto agar
media containing garlic extract.

They compared bacterial and fungal

counts from soil in which garlic had recently been grown with counts from
soil in which garlic had not been grown for 4 years.

Although they found
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no significant difference in the reduction of fungal colonies between the
two soils, they did observe that bacterial counts from non-garlic soil
were significantly more depressed on the garlic medium than were counts
from garlic soil.

Volatiles
Nils Fries (1973a) has reviewed the subject of volatile organic
compounds and their effects on the growth and development of fungi.
This is a complex subject which also has many ecological implications.
It is apparently not possible to generalize about the effects of even a
given class of volatile secondary compounds.

Some compounds that have

been studied stimulate growth, while others inhibit growth.

Moreover,

whether a given compound inhibits or stimulates growth depends on its
concentration, the experimental organism, and even the stage in the life
cycle of that organism.

For example, R. C. French (1961) found that the

monoterpene 3-pinene (10
stem rust uredospores.

-3

dilution) stimulated the germination of wheat

Nils Fries (1973b) found that this compound

(10 p/petri dish) increased the dry matter production of Polyporus
brumalis, while Cobb et al. (1968) found that &-pinene (saturated
atmosphere) inhibited the growth of Fomes annosus and four species of
Ceratocystis.
Some of the most interesting work from an ecological point of view,
and perhaps the most pertinent to this paper, is that which has examined
the effects of conifer-produced terpenoid compounds on the growth of
wood-inhabiting fungi.

Melin and Krupa (1971) studied the effects of
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volatile terpenes isolated from Pinus silvestris roots on the i^i vitro
growth of two species of mycorrhizal fungi. Boletus variegatus and
Rhizopogon roseolus.

All of the compounds they examined (20 pl/petri

dish)— including a-pinene and B-pinene— inhibited the growth of these
fungi.

They suggested such compounds may restrict the development of

fungi in mycorrhizal roots.
Glasare (1970), Cobb et a^.

(1968), and Fries (1973b) have studied

the effects of terpenoid compounds on the growth of wood-decay fungi.
Most often, these compounds exhibited inhibitory effects.

However,

Fries and Glasare both reported stimulatory effects for some volatiles—
depending on the species examined and the concentrations employed.
Since these studies were carried out in vitro, it is not yet
possible to say what influence, if any, these compounds have on wooddecay fungi in nature.

What is particularly interesting here is that

some of these compounds— a-pinene and g-pinene (Fries, 1973b; Melin and
Krupa, 1971; Cobb e^ al^. , 1968) , and camphene (Cobb et a l . , 1968)— are
also found in sagebrush.

All of these were inhibitory in one instance

or another.

Statement of Problem

In view of the fact that sagebrush produces a variety of secondary
plant metabolites having potential allelopathic and antimicrobial pro
perties, it seems reasonable to suppose that these compounds may influence
the distribution of soil fungi beneath the canopies of sagebrush shrubs.
This hypothesis is supported by the fact that many secondary plant
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metabolites produced by sagebrush are present in litter and/or soil in
the vicinity of sagebrush plants (Rick Kelsey, personal communication).
In testing the hypothesis two main avenues of approach were taken.
First, a study was made of soil fungi beneath the crowns of sagebrush
plants and in open grassy areas adjacent to sagebrush plants.

The

individual species were considered in terms of where they occurred and
how frequently.

Second, laboratory studies were conducted in an attempt

to determine whether fungi from the two sampling locations respond
differently when subjected to treatments with sagebrush extracts.
During the course of the study it was found that the treatment of
soils with macerated leaf extracts and volatile essential oils from
sagebrush produces some interesting results.

This was followed-up to a

certain extent and those results are also reported here.

Chapter II

MATERIALS AND METHODS

Study Site

Several factors were considered in choosing a location for this
study.

Finding a relatively undisturbed stand of sagebrush proved to be

difficult.

Nearly all stands in the vicinity of Missoula, Montana have

a history of grazing, and those I observed appeared to be heavily grazed.
It was also thought desirable that sagebrush plants on the prospective
study site should have accumulated litter beneath their canopies.

In

addition, I wished plants to be distributed sparsely enough that soil
samples could be taken from open areas near, but more than a few feet
away from, the nearest sagebrush plant.

Finally, it was preferred that

there be some history of investigation of the stand in terms of secondary
metabolites of the sagebrush plants.
The study site chosen is located near Clearwater Junction, Montana
(Figure 1).

The stand, which is on land controlled by the Montana

Department of Fish and Game, fits the above criteria fairly well.

It

has been grazed in the past, but grazing has not taken place there since
the early 1950's (Dan Neal, Montana Department of Fish and Game, personal
communication).

Although some parts of the stand are covered by a dense

growth of sagebrush, substantial areas are occupied by older plants
having no very close neighbors.

Plants in this stand had previously been
16
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analyzed for sesquiterpene lactone and monoterpene content by Dr. Rick
Kelsey of the University of Montana School of Forestry (personal
communication).

Concurrently with this study, soil and litter samples

from the same location were being analyzed by Dr, Kelsey for these two
chemical types.
The study site is bounded on three sides by forest composed of
Pinus ponderosa and Pseudostuga menziesii.
the remaining boundary.

The Clearwater River forms

On the other side of the river, a very large

and often extremely dense stand of sagebrush extends to the east.

This

stand can be seen in plate II.
The study site is quite diverse in terms of grasses and forbs
present.

Higher plant vegetation was not sampled quantitatively, but

collections were made of what appeared to be the most prevalent species.
Some of the more common species included Stipa columbiana, Festuca
idahoensis, Bromus inermis, Koeleria cristata, Poa sp., Achillea
millefolium, and Castilleja sp.

Grasses were identified by John

Witherspoon of the University of Montana Department of Botany.

The

presence of various microhabitats, which probably account for the
diversity of grass species, is quite evident with infrared photography
(Plate II).

Sampling

The objective of sampling was to obtain two groups of fungal iso
lates.

One group would typify the soil fungi beneath the canopy of an

"average" A. tridentata plant, and the other would typify the fungi in

Figure 1.
Portion of U.S.G.S. map "Salmon Lake, Montana."
study area location is indicated by an arrow and dots.
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PLATE II

Figure 1. Study site viewed from northwest.
approximate locations of sampled plants.

Numbers indicate the

Figure 2. Same view as above taken with infrared film. Contrasting
intensities of red illustrate the heterogeneity of the site.
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adjacent grassy areas.
1.

To this end, the following criteria were adopted:

The plants sampled were to be at least 100 cm in diameter, and

at least 50 cm in height.
2.

Sampled plants were to be in sufficiently clear space that a

soil sample could be taken at a minimum distance of 3.6 m from a sampled
plant and any other sagebrush plant.
3.

The grass sample was to be no further than 6.1 m from the

sampled plant.
Although these criteria were chosen arbitrarily, they were influenced by
field observations.
In the process of choosing plants beneath which to sample, two
transects were run in a crisscross fashion across the study site.
sampling interval of approximately 30 m was adopted.

At each sampling,

the nearest plant meeting the above criteria was selected.
were selected in this manner.

A

Ten plants

Six of these were picked at random to be

used for fungal isolations.
Soil samples were collected 2-3 cm below the litter layer.

Soil

for fungal isolations was collected in sterile 15 X 125 mm test tubes
which were pressed horizontally into the wall of a shallow pit.
subsamples were collected beneath each plant.
samples were combined.

Four

Eventually, the four sub-

The first subsample beneath each plant was

collected at a point one-half the distance from the stem to the outside
edge of the canopy.
at random.

The azimuth of this point from the stem was chosen

The three remaining subsamples were collected at 90® intervals

from the first point, at the same distance from the stem.
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The soil samples from grassy areas were collected in a similar
manner.

Where possible, the first grass subsample was taken from a point

on the same bearing as that of the first subsample beneath the plant.
The other three subsamples were collected at 40-cm intervals in a clock
wise direction.

Each of these samples was collected at a point which

was neither closer than 3.6 m nor farther than 6.1 m from the sampled
plant.

At the same time, no other sagebrush plant could be closer than

3.6 m.

Only plants which would allow these criteria to be met were

selected.
In addition to the samples collected for fungal isolations, a
larger quantity of soil was collected at each location for pH
determinations.
All soil samples were placed in an ice chest in the field, then
placed

in a freezer upon returning

to the laboratory.

stored

in a freezer until platings were made.

Thesamples were

Christensen

(1962) reported

no significant change in microfungal populations from soils stored for
36 weeks at -7° C.

Samples were collected during the period July 9-12,

1975, and all isolations were carried out v^thin four months.

Isolation Technique

Isolation of fungi was accomplished by means of soil dilution
platings.

The methods used were quite similar to those of previous

workers, including Tresner et a l . (1954) and Christensen (1969).
Five-gram composite soil samples were made by combining 1.25 g from
each of the four subsamples constituting a sample collection.

This 5-g
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quantity was added to 500 ml of 0.1% sterile distilled water-agar in an
Erlenmeyer flask.

The resulting suspension was then placed on a mag

netic stirrer for 15-20 minutes prior to making inoculations.

Serial

dilutions were made in an effort to obtain 30-35 colonies per plate.
Inoculations were made by pipetting 1-ml aliquots of this suspen
sion onto soil extract agar.

The medium used was modified from that

of Tresner (1954) and consisted of the following:
Agar............................... 25.0 g
K^HPO^............................. 0.5 g
MgSO^.............................. 0.2 g
Dextrose........................... 1.0 g
Soil extract...................... 100 ml
Distilled H^O.....................900 ml
Yeast extract...................... 1.0 g
Soil extract was prepared by autoclaving 1 kg of soil together with 1000 ml
tap water.

The medium was acidified to pH 6.0 with 2N HCL, and strepto

mycin was added at a concentration of 30 mg/1.
Two soil samples were plated at a time— a sagebrush sample and its
corresponding grass sample.
sample.

Five petri dishes were inoculated for each

Two additional dishes were inoculated in a similar manner as

controls for contamination.
Six days after inoculation, colonies were counted with the aid of a
dissecting microscope.

Each colony was assigned a number by marking on

the bottoms of the petri dishes with a felt pen.
written on small pieces of paper.
at random.

These numbers were also

Forty-five per sample were then drawn

Hyphal tip transfers of these selected colonies were made

to PDA slants.

Slants were incubated at room temperature for several

days, after which they were refrigerated.
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Determination of Soil pH, Moisture, and Organic Matter

Percentage moisture was determined for a 5-g composite of the same
soil used in fungal isolations.

Two 10-ml beakers were oven-dried

(90° C ) , cooled in a dessicator, and then reweighed.

Approximately

1.25 g of soil from each of four subsamples was added to the beaker, oven
dried, and reweighed.

Root fragments and stones greater than 3-5 mm in

diameter were removed to the extent possible.
Soil pH and organic matter determinations were essentially those of
Morrail (1974).
meter.

Soil pH was determined with a Beckman glass electrode pH

Twenty grams of soil were added to a 100-ml beaker along with

40 ml of distilled water.

The mixture was stirred vigorously and allowed

to stand for 30 minutes before making the pH reading.

Three replicates

were prepared for each soil sample.
Soil organic matter was approximated by determining percentage
weight loss upon ignition in a muffle furnace (600° C ) .

The soils used

were the same oven-dried samples as those used for percentage moisture
determinations.

Identification of Fungal Isolates

An attempt was made to assign each isolate to genus, although this
was not possible in all cases.
possible.

Species names were assigned whenever

However, the major emphasis was placed on differentiating one

species from another rather than on giving each a specific name.
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Liquid Culture Growth Experiments

A series of experiments was carried out to determine what influence
macerated leaf extracts from A. tridentata would have on the growth of
fungal isolates in liquid culture.

The technique used was a modification

of that of Nene et a l . (1968).
The extract was prepared by macerating 50 g of sagebrush leaves with
200 ml of sterile distilled water for several minutes in a blender.

The

product was filtered first through cheesecloth then twice through Whatman
no. 4 qualitative filter paper.

The extract was sterilized by filtering

through a 0.22-ym Millipore filter.

Leaf collections for these experi

ments were made at the study site in late fall and were stored in a
freezer for a period not exceeding three months.
Cultures were established by adding 1-cm mycelial plugs to PDA
broth in a ratio of one plug per 100 ml medium.

A sterile cork borer

was used to cut mycelial plugs from cultures which were approximately ten
days old.

The inoculated medium was vigorously shaken by hand for

several minutes, after which 18-ml portions were delivered to sterile
50-ml Erlenmeyer flasks.

All treatment and control flasks were derived

from one source of inoculum.

This procedure was followed in order to

assure a uniform distribution of inoculum to all flasks.
Treatment cultures received 2 ml either of pure extract, or of a
10

-2

or 10

-4

concentration of extract.

in the flasks were 10

-1

,10

Thus, final extract concentrations

-3
_5
, or 10
respectively.

2 ml of sterile distilled water.

Controls received
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Cultures were placed on a culture shaker at room temperature for a
period of from two to seven days.

Growth was measured by filtering the

cultures through Whatman no. 2 qualitative filter paper which previously
had been tared.
reweighed.

The mycelium was dried in a warm air oven (55° C) and

Dry weight of the mycelium was then calculated.

Influence of Sagebrush Volatiles on Fungal Growth

A number of experiments were carried out in an effort to determine
what effects volatile compounds from A. tridentata might have on the
growth of fungi in pure culture.

For these experiments either leaf

material or essential oils obtained by the steam distillation of sage
brush leaves were employed.
Originally, it was not known if volatiles from sagebrush leaves
would have any effect whatsoever on the growth of fungi.

Therefore, in

the first experiment I employed a small fumigation chamber with a
relatively large quantity of leaf material.

Mycelial discs 3 mm in

diameter were cut from a culture of Pénicillium sp. 2 with a sterile
cork borer and placed in the center of 9-cm petri dishes containing PDA
agar.

These petri dishes were placed in larger (150 X 20 mm) petri

dishes along with either 5 g of sagebrush leaves wrapped in cheesecloth
(treatments) or cheesecloth alone

(controls).

slightly before addition to the dishes.

Leaves were chopped

The lids of the smaller (inner)

dishes were propped open with pieces of folded paper to allow for
circulation of gases.

Three control dishes and three treatment dishes

were prepared in this manner.

The large dishes were sealed with parafilm
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cind

were placed in cardboard boxes to be incubated at room temperature.
A second experiment dealt with the influence of A. tridentata leaves

on the growth of Pénicillium sp- 2 in a chamber of much greater volumeCultures were prepared in the same manner as in experiment one.

This

time U-shaped pieces of glass tubing were used to prop open the lids of
the dishes.

These dishes were placed inside a 23 x 26 x 20 cm card

board box which was in turn enclosed in a large plastic bag.
was then sealed.

The bag

Separate boxes were used for treatments and controls.

Fifteen grams of slightly chopped leaf material were added to the treat
ment box.

A small beaker of water was placed in the boxes to prevent

dessication.
The third set of experiments employing volatile compounds followed
quite closely the methods of Fries

(1973b),

In these experiments I used

not leaves but a mixture of volatile oils (primarily monoterpenes)
obtained by the steam distillation of A. tridentata ssp. vaseyana leaf
material.

The oils were furnished by Jackson Scholl of the University

of Montana Department of Chemistry.

Leaf material for the distillations

was obtained from Grass Valley near Missoula.
Plugs of mycelium (3 mm in diameter) were cut from near the margins
of three-day-old colonies with a sterile cork borer.

The plugs were

placed on the center of 100 X 15-mra petri dishes containing 15 ml of
solid PDA.

Treatment dishes received 15 pi of volatile essential oils

added to a small aluminum cup placed inside the dishes.

The volatiles

were placed on a disc of filter paper (Whatman no. 4) with a 100-Wl
syringe (Plate VI).

Three control plates and three treatment plates
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were used per isolate.

Growth was measured as increase in colony dia

meter (average of longest and shortest per colony), usually after seven
days.
Twenty-five isolates were tested in the above manner.
were soil microfungi representing four species.

Twenty-two

They were paired— a

grass isolate with a sage isolate of the same species— in an effort to
determine whether there was an intraspecies difference between isolates
from the two sample types.
three different species.

The three remaining isolates belonged to
One was isolated from sagebrush litter which

had been surface sterilized for 1 min. in 20% Chlorox, and two were
isolated from sagebrush root fragments by Dr. M. L. Thornton of the
University of Montana Department of Botany.

The response of these iso

lates to volatiles was examined in an effort to determine whether species
which appeared to be closely associated with sagebrush would have a high
resistance to the volatiles.

Respiration Studies

The respiration rates of two soil types and two species of
Pénicillium were measured to determine their responses to sagebrush
extracts.

Respiration was measured on a Gilson differential respirometer.

The method of measuring total soil respiration was similar to that
of other authors including Chase and Gray (1957).
were 15-ml Warburg flasks.

The reaction vessels

Respiration was measured as

uptake.

Carbon dioxide was removed from the atmosphere within each vessel by
placing 0.2 ml of 20% KOH in the center well of each flask.

A filter
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paper wick was inserted in the center well of the flask in such a way that
it protruded from the well 2-4 mm.

The top of the well was ringed with

grease to prevent the KOH from creeping out.

One gram of air-dried soil

was added to the main compartment of each flask.

The soil was rewet with

1 ml of sterile distilled water just prior to starting the experiments.
All experiments utilized three control vessels and three treatment vessels.
In the first experiment, macerated leaf extracts were tested for
their effects on total soil respiration.

The extract was prepared by

blending 25 g of A. tridentata leaves in 100 ml of sterile distilled
water.

A filtration with cheesecloth followed.

One milliliter of this

extract was added to the sidearm of each treatment vessel.
was not in direct contact with the soil.

Therefore, it

Respiration measurements

started immediately after a 15-20-minute equilibration period.

After

three hours, the contents of the sidearms were emptied directly onto the
soil.

Readings were taken at 20-minute intervals on the first day and

for one hour on each of the next two days.
Two soil types were used in this experiment.

One was collected

beneath sagebrush canopies, and the other was collected from grassland
nearby.

Soils were obtained from the upper few centimeters below the

litter layer.

Since collections were made while the ground was frozen,

it was difficult to equate horizons.

Because the sage soil obviously

contained less organic material than did the soil from the grassland, a
somewhat crude method was employed to standardize the organic matter
content.

This was done by adding soil from nearer the fermentation layer

below the plants to the more mineral soil.

Enough of the more organic
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soil was added to obtain a final density (soil weight/volume) comparable
to that of the grassland soil.
The second experiment employed only grassland soil, and treatment
consisted of administering volatile oils (see previous methods) to small
discs of filter paper in the sidearms of Warburg flasks.
trations of volatiles were used:

Three concen

20 \il, 10 ul, and 0.9 yl.

Again,

readings were started immediately after equilibration and were taken at
20 minute intervals for 140 minutes.

Respiration was also measured for

one hour on the second day.
A third experiment measured the effects of volatile oils on two
species of Pénicillium in pure culture.

Inoculations were made by placing

plugs of mycelium from ten-day-old cultures onto 2 ml of solid PDA in the
bottoms of Warburg flasks.
a sterile cork borer.

A 1-cm mycelium plug was first cut out with

It was then cut in half, and the halves were

placed on opposite sides of a reaction vessel.

Four days after inocu

lation, 20 yl of oils were placed in the sidearm of each treatment vessel.
Respiration readings were taken at 20 minute intervals for two hours.

Chapter III

RESULTS

Species Distribution.

The 540 isolates obtained on dilution plates were assigned to 45
species (Table I).

Most isolates were in the class Deuteromycetes, with

only one Ascomycete and one Phycomycete present (Plate III).
Basidiomycetes or zoosporic fungi were found.

No

The genera Pénicillium

Link, Trichoderma Pers., and Cephalosporium Corda were well represented.
All Aspergillus isolates found were thought to be A. fumigatus Fresenius
(Plate IV).
Percentage density and frequency values were calculated for all
species by the formulae:
^
,
No. isolates species A in sample
Density species A = Total no. isolates in sample (=45)

,

Frequency species A = N°i_Sam gles _ in which species A was found
Total no. samples
Frequency values for all species were calculated for grass and sage
samples alone, and for all samples combined (Table I ) .
A few species were found frequently, while many were found very
infrequently (Figure 2).

The majority of all species— including the two

species with the greatest density and frequency values— belonged to the
genus Pénicillium.

The two most frequent species occurred in every
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TABLE I
PERCENTAGE FREQUENCY AND DENSITY VALUES FOR ALL SPECIES
(in order of decreasing frequencies)

DENSITY

FREQUENCY

ISOLATE
S3^

G3

S4

G4

S5

G5

6.7

4.4 40.0 64.4 44.4 17.8 66.7 62.2

Pénicillium sp. 1
(Monoverticillata)

26.7 17.8 11.1 11.1

Pénicillium sp. 2
(Asymetrica-Divaricata)

20.0 42.2 44.4 40.0 73.3 60.0

Aspergillus fumigatus

2.2

Pénicillium sp. 3

4.4

11.1

Pénicillium sp. 4

4.4

8.9

Pénicillium sp. 5

2.2

Pénicillium sp. 6

2.2

8.9

2.2

G7

S8

G8

100

100

100

50

83

67

17

67

42

17

50

33

17

50

33

4.4

33

33

33

4.4 15.6 15.6

17

50

33

2.2

33

33

33

2.2 20.0 2 2 . 2 11.1 13.3

2. 2

4.4

4.4

2.2 15.6

5.7
2.2

11.1
33.3

2.2

4.4

S&G

100

8.9

4.4

^Sample source indicated by S (Sage) or G (Grass).

G9

100

6.7

2.2

S9

100

4.4

8.9

Pénicillium sp. 7
Cladosporium sp.

2.2

S7

4.4

4.4

TABLE I (continued)

DENSITY

FREQUENCY

ISOLATE
S3

Chaetomium sp. ?

G3

S4

G4

S5

G5

4.4

Pénicillium sp. 8

15.6

Pénicillium sp. 9

24.4

S7

G7

S8

G8

2.2

2.2

6.7

15.6

S9

G9

6.7

4.4

S&G

17

50

33

50

0

25

17

17

17

Pénicillium sp. 10

2 . 2 11.1

17

17

17

Absidia glauca

8.9

17

17

17

17

17

17

33

0

17

17

17

17

33

0

17

17

17

17

17

17

17

17

17

17

Pénicillium sp. 11

2.2
2.2 15.6

Cephalosporium sp. 1

4.4

2.2

Unknown

2. 2

Trichoderma sp. 1

2.2

Pycnidial imperfect

6.7
2.2

8.9

Cephalosporium sp. 2

2.2
2.2

Pénicillium sp. 12

4.4
2.2

2.2

(jj
Pénicillium sp. 13

8.9

17

0

8

TABLE I (continued)

DENSITY

FREQUENCY

ISOLATE
S3

Pénicillium sp, 14

G3

S4

G4

S5

G5

SI

G7

S8

G8

2.2

S9

G9

S

G

S&G

17

0

8

Pénicillium sp. 15

2 .2

0

17

8

Pénicillium sp. 16

2.2

0

17

8

Pénicillium sp. 17

2.2

0

17

8

Unknown

2.2

0

17

8

0

17

8

Unknown

2.2

Unknown

2.2

17

0

8

Pénicillium sp. 21

2.2

17

0

8

2.2

17

0

8

2.2

17

0

8

6.7

0

17

8

2.2

0

17

8

Pénicillium sp. 22
Pénicillium sp. 23
Pénicillium sp, 24
Cephalosporium sp. 3

w
Ln

TABLE I (continued)

DENSITY

FREQUENCY

ISOLATE
S3

Trichoderma sp. 2
Unknown
Trichoderma sp. 3

——

G3

84

——

6.7

17

0

8

2.2

17

0

8

0

17

8

G4

S5

G5

57

G7

S8

G8

59

G9

4.4

S

G

S&G

Pénicillium sp. 18

8.9

17

0

8

Pénicillium sp. 19

2.2

17

0

8

17

0

8

0

17

8

Pénicillium sp. 20
Unknown
Cephalosporium sp. 4

2.2
2.2
——

—

0

17

8

Cephalosporium sp. 5

4.4

—

17

0

8

Unknown

2.2

—

17

0

8

0

17

8

Cephalosporium sp. 6

2.2

2.2

to
en

PLATE III

Figure 1.
Absidia glauca Hagem, tbe only Phycomycete found on
dilution plates.
Figure 2.
plates,

Chaetomium sp. , the only Ascomycete found on dilution
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PLATE IV

Figure 1.
Pénicillium sp. 2, one of the two most common species
isolated in this study.
Figure 2. Aspergillus fumigatus, the third most frequent of all
species isolated.
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Figure 2.
Diagram showing the distribution of all species with
respect to overall frequency values.
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sample, and together accounted for over half of all isolates.

The next

most frequent species was Aspergillus fumigatus which occurred in five
grass and three sage samples.
Twenty-four species occurred in only one of twelve samples.
these species were also in the genus Pénicillium.

Most of

They include isolates

which were obviously different from all others, as well as isolates which
were not so obviously different but could not reasonably be assigned to
any other group.
These data give no firm indication that the microfungal community
below sagebrush shrubs is different from that of the adjacent grassland.
Although 11 species were found only beneath shrubs, and 16 were found
only in grassy areas, nearly all of these species occurred with very low
frequencies.

Of the species which appeared in sage samples only, two

were present in two samples, one in three, and all others were present in
only one sample.

All species that were found only in grass samples were

present in only one sample.

Eighteen species were present in both sample

types.
There was no significant difference between the number of fungal
propagules per gram of soil found beneath sagebrush plants and that in
grassy areas.

Also, there was no significant difference between the pH

and percentage moisture values of the two soil types.

Soil pH was nearly

the same in all samples, while propagule numbers and percentage moisture
varied greatly.

There was no significant difference between the average

organic matter content of grass samples and that of sage samples.

How

ever, in every case, sage samples had higher percentage organic matter
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values than did their corresponding grass samples

(Table II).

I did make an attempt to look for trends in species distribution
beyond the two sample types.

A one-dimensional Bray and Curtis

(1957)

ordination was constructed by using density values to calculate indices
of dissimilarity between each combination of two samples.

The grass and

sage samples which were most dissimilar (i.e., sage sample 5 and grass
sample 7) were chosen as end points.

Other samples are positioned along

the axis in terms of their relative affinities for

one

endsample or

another.

the

order (butnot the

The horizontal axis in Figure 3 reflects

relative distances) in which the samples were arranged by this method.
Propagules per gram and percentage moisture values for each sample are
plotted on the vertical axis.

The method for construction of the

ordination is explained in the appendix.
This procedure revealed a number of things of interest.

First,

corresponding sage and grass samples tend to be near the same point on
the axis.

This implies that any two such samples are more similar to

one another than to other sage or grass samples.

Second, the fact that

samples on the left end of the axis generally have higher percentage
moisture values than those on the right implies that a soil-moisture
gradient was sampled.
There appears to be a correlation between the moisture content of
the soil and the number of fungal propagules per gram.

In general, the

organic matter content of samples is not strongly correlated with these
two values.

However, sage sample 5, which had the highest percentage

moisture value and one of the highest propagule counts, also had the
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TABLE II

pH, PERCENTAGE MOISTURE, PERCENTAGE ORGANIC MATTER, AND
PROPAGULE/GRAM VALUES FOR SOIL SAMPLES
USED IN FUNGAL ISOLATIONS

% Organic Matter

Propagules/Gram
(x 103)

9.5

7.4

70

6.2

6.6

7.2

65

Sage 4

6.5

11.2

5.7

74

Grass 4

6. 3

3.9

4.2

100

Sage 5

5.5

10.3

11.1

130

Grass 5

6.0

9.1

5.8

107

Sage 7

6.2

5.1

6.7

15

Grass 7

6. 3

2.6

5.3

33

Sage 8

6.3

4.4

7.3

21

Grass 8

6.2

2.9

6.3

16

Sage 9

6.2

4.4

6.5

64

Grass 9

6.2

3.0

5.4

67

Sample

pH

Sage 3

6.8

Grass 3

% Moisture

Figure 3. Percentage moisture and propagules per gram values for
each sample.
The ordering of samples on the X-axis reflects their
positions on a one-dimensional Bray and Curtis ordination based on
density values.
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highest organic matter content of all samples

(Table II).

Results of Liquid Culture Experiments

Preliminary experiments indicated that macerated leaf extracts
(concentrations:

10

-1

,10

-3

, and 10

-5

) did not decrease the mycelial

weight of Pénicillium sp, 2 in liquid culture when the mycelium was
weighed after seven days.

However, a 10

-1

extract concentration did

significantly alter the appearance of mycelial balls (Plate V ) .

Obser

vations of cultures over this period suggested that an initial inhibition
might be masked after seven days.

Therefore, in subsequent experiments

the mycelial weight of this species was measured after three days.
Table III shows the response of five isolates of Pénicillium sp, 2
and one isolate of Aspergillus fumigatus to a 10
macerated leaf extract added to liquid culture.

-1

concentration of

Most isolates were

significantly inhibited by the presence of extract in the medium.
However, there was a large amount of variation in the responses of
different isolates to the extract.

For Pénicillium sp. 2 no pattern is

suggested with respect to whether an isolate came from soil beneath
canopies or from grassland soil.

Aspergillus fumigatus, which had a

higher frequency in grass samples than sage samples, appeared to be
inhibited by the extract, although the difference between treatments
and controls is not significant at the 0.05% level.

Effects of Volatiles on Growth

Five grams of sagebrush leaves enclosed in a large petri dish with

PLATE V

Figure 1.
Growth of Pénicillium sp. 2 after 7 days culture in
media containing macerated leaf extract.
From top to bottom:
control, 10 ^ extract, 10 ^ extract and 10 5 extract.
Note the
appearance of mycelial balls at 10 1 extract concentration.
Figure 2. Effect of volatiles from 5g of Artemisia leaves on the
growth of Pénicillium sp. 2 (4 days).
Dishes with leaves are on
the right.
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TABLE III

GROWTH OF FUNGI IN LIQUID CULTURE CONTAINING MACERATED LEAF EOTRACT FROM SAGEBRUSH
(mycelium weight in grams x 10~^)

Weight of Mycelium^
Control
10"! Extract

Location

Day
Measured

isolate no. 1

Sage

3

18 ± 3

10 ± 2

53

isolate no. 2

Sage

3

28 ± 3

14 ± 4

49

isolate no. 3

Grass

3

20 ± 3

4 ± 2

22

isolate no. 4

Sage

3

19 ± 2

10 ± 1

52

isolate no. 5

Grass

3

22 ± 4

18 ± 2

82

Grass

5

184 ± 40

105 ± 50

57

Species

% Control^

Pénicillium sp. 2

Aspergillus fumigatus

8-Average of 5 replicates
bGrowth of treatment as percent of control

Ln
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a colony of Pénicillium sp. 2 severely inhibited the growth of the colony.
This inhibition lasted for several days

(Plate V ) .

However, 15 g of

leaves enclosed in a 23 x 26 x 20 cm cardboard box had no effect on the
same species.

In subsequent experiments only high concentrations of

volatiles were used.

The validity of using high concentrations will be

discussed later.
In experiments where volatile oils were dispensed to 9 cm petri
dishes which had been inoculated with mycelial plugs, 23 out of 25
isolates were inhibited by the volatiles

(see Plate VI for examples).

The remaining two were stimulated (Table IV).

Twenty-two of the isolates

(representing four species) were paired— a grass isolate of a particular
species with a sage isolate of the same species.

In ten of the eleven

pairs, the sage isolate grew to a greater percentage of control than did
its corresponding grass isolate (Figure 4).

This suggests the possibility

of ecotypic variation.
The remaining three isolates used in these experiments each
represented a different species and were not paired in this manner.
three species were:

The

Alternaria tenuis Nees (Plate VII), isolated from

surface sterilized sagebrush litter; Trichoderma sp., isolated from
surface sterilized sagebrush root fragments; and an unidentified species
isolated from root fragments.

All of these isolates were strongly

inhibited by the volatiles.

Respiration Studies

Macerated leaf extract added to the sidearms of reaction vessels

TABLE IV

GROWTH OF FUNGI EXPOSED TO VOLATILE OILS

Species

Location

Day
Measured

Colony Diameter (mm)
Control
15 pi oils

% Control

Pénicillium sp. 1
Pair no. 1

Sage
Grass

7
7

14.2
32.5

7.1
10.7

50
33

Pair no, 2

Sage
Grass

7
7

19.0
16.3

9.1
7.0

48
43

Pair no. 3

Sage
Grass

7
7

17.6
26.4

9.1
10.5

52
40

Pair no. 4

Sage
Grass

7
7

21.7
21.3

14.5
10.8

67
51

Pair no. 5

Sage
Grass

7
7

26.3
22.7

13.5
10.0

51
44

Pair no. 1

Sage
Grass

7
7

30.9
36.0

14.5
14.2

47
39

Pair no. 2

Sage
Grass

7
7

47.8
47.0

21.2
19.8

44
42

Aspergillus fumigatus

Ln

OJ

TABLE IV (cont inued)

Species

Location

Day
Measured

Colony Diameter (mm)
Control
15 \il oils

% Control

Sage
Grass

7
7

38.5
48.8

23.5
24.2

61
50

Pair no. 1

Sage
Grass

7
7

23.2
21.5

22.3
16.8

96
78

Pair no, 2

Sage
Grass

7
7

20.7
26.2

22.0
23.3

106
89

Pair no. 3

Sage
Grass

7
7

23.3
18.5

21.3
21.5

91
116

Trichoderma sp.

Root

4

91.3

12.3

14

Unknown

Root

7

26.2

10.8

41

Alternaria tenuis

Litter

7

66.2

24.7

37

Pénicillium sp. 4

Pénicillium sp. 2

Ul

Figure 4.
Summary results of pairing experiments shown in
Table IV.
Black bars represent sage isolates, white bars
represent grass isolates.
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100 r

Pénicillium sp. 1
PenciIlium sp. 4
^

60 h
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o

40 -

20

-
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PAIR NUMBER

Penici11ium sp. 2
100

80
I

o
g
z:
o
o

60

è

40

Aspergillus fumigatus

20

0

PAIR NUMBER

PLATE VI

Figure 1. Effects of vapor from 15 yl of essential oils from
Artemisia on the growth of Pénicillium sp. 2 (grass isolate from
pair Vio. 2, Table II).
Previous experiments showed that the
aluminum cups had no effect on colony growth.
Figure 2.
Effects of vapor from 15 yl of essential oils from
Artemisia on the growth of a Pénicillium sp. 4 isolate.
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PLATE VII

Figure 1. Alternaria tenuis, the species most commonly observed
on sagebrush leaf litter incubated in damp chambers.
Figure 2.
The effects of vapors from 15 yl of essential oils from
Artemisia on the growth of A. ten u i s . Upper dishes are controls,
lower dishes were treated.

60

61
increased the respiration rates of both sage and grass soils.

This

increase in respiration can be attributed to the influence of volatiles,
since the extract was not in direct contact with soil.

The effect was

observed immediately following an equilibration period of approximately
30 minutes

(Table V, Figure 5) .

When the extract was poured from the sidearms onto the soil, respir
ation increased even more dramatically.

On the second day, this

stimulation appeared to have subsided, but measurements made on the third
day indicated a second peak in both soil types.

In preliminary

experiments, this general phenomenon was also observed.

These

experiments suggested that the rise and fall of respiration probably
does not fit a rigid pattern.

It appears to be impossible to make any

generalizations about a particular soil type.
Volatile oils obtained by the steam distillation of A. tridentata
leaves increased total soil respiration at three concentrations :
20 pl/flask, 10 yl/flask, and 0.9 pl/flask.

After 24 hours, this increase

was significant at the 0.05% level for all treatments (Table VI, Figure 6)
The respiration rates of Pénicillium sp. 1 and Pénicillium sp, 2
were increased by exposure to 20 yl of volatile oils placed in the sidearms of reaction vessels (Table VII, Figure 7).

In previous experiments

both of these isolates were inhibited in growth by comparable concentra
tions of volatiles in the atmosphere.
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TABLE V

CUMULATIVE RESPIRATION OF TWO SOIL TYPES EXPOSED
TO MACERATED LEAF EXTRACTS FROM SAGEBRUSH
(lil 02 uptake by 1 g soil)

Sage Soil

Grass Soil

Time
Interval
Control

0-3 hrs.

105 ± 3

3-5 hrs.a

60 ± 3

Day 2 (1 h r .)^

30 ± 0.5

Day 3 (1 hr.)

25 ± 1

Treated

Control

Treated

158 ± 26

161 ± 7

237 ± 17

129 ± 9

96 ± 3

212 ± 5

42 ± 3

48 ± 2

82 ± 5

184 ± 32

42 + 3

106 ± 9

^Extract added to soil at 3 hrs.
bRespirâtion measured over a 1 hr. period on days 2 and 3

Figure 5. Respiration rates of soils treated with macerated leaf
extract.
Values for all intervals were averaged over the preceding
hour.
These data are summarized in Table V.
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TABLE VI

CUMULATIVE RESPIRATION OF A GRASSLAND SOIL EXPOSED
TO VOLATILE ESSENTIAL OILS FROM SAGEBRUSH
iMl 02 uptake by 1 g soil)

Time
Interval

0-140 mins.
Day 2^

Control

20 ul Oils

10 \sl Oils

0.9 yl Oils

144 ± 6

199 ± 13

185 ± 13

156 ± 4

55 ± 4

52 ± 3

33 ± 3

^Respiration measured over a 1 hr. period on day 2

45 ± 1

Figure 6. Respiration of soil exposed to vapors from essential
oils placed in the sidearms of reaction vessels.
Values from
0-140 min. are averaged over the preceding 20 min. interval.
Values
at 24 hr. are averaged over the preceding hr.
These data are sum
marized in Table VI.
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TABLE VII

CUMULATIVE RESPIRATION OF TWO SPECIES OF MICROFUNGI
EXPOSED TO VOLATILE ESSENTIAL OILS FROM SAGEBRUSH
(ul O 2 uptake in 2 hours)

Species

Control

20 ul Oils

Pénicillium sp. 1

294 ± 46

346 ± 16

Pénicillium sp. 2

212 ± 18

332 ± 41

Figure 7. Cumulative respiration of two species of Pénicillium
exposed to vapors from essential oils placed in the sidearms of
reaction vessels.
These data are summarized in Table VII.
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Chapter IV

DISCUSSION

Fungal Distribution

Species Composition
Damp chamber incubation of surface-sterilized sagebrush litter
indicated that the fungi isolated in this study were indeed soil fungi.
No species of Pénicillium, abundant in soil dilution cultures, were
found on leaves incubated in this manner.

Alternaria tenuis, the species

most commonly observed on litter, was absent from isolation plates.

This

supports the idea that propagules in the soil were not there because they
were carried downward by water percolating through litter.
A total of 45 isolated species is probably neither an unexpectedly
high nor an unexpectedly low number.

In a study of soil fungi associated

with aspen, R. A. A. Morrall (1974) reported an average of 27.9 species
per stand.

It might be expected

that

thenumber

obtained here would be

Morrall made

only

180fungal

isolations per stand,

whereas, I obtained 540 isolates

from

onestand.

A distribution of

species frequency values such as

the oneshown in Figure 2 (i.e., a

greater than this.

distribution consisting of many rare and few common species) appears to
be typical for this type of study.

Christensen (1959) has presented

similar distributions.
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None of the genera or species identified in this study were
surprises.

All have been reported from soil before.

There were a few

surprises in that some were more abundant than is common in similar
studies, while others that might normally be expected were absent.
The genus Pénicillium is the best represented genus on species
lists from studies of soil microfungi.

It is probably not surprising

that it should account for the majority of isolates in this study.

On

the other hand, the fact that species of this genus account for 24 out
of a total of 45 species is noteworthy.
is usually the case.

This is a larger percentage than

In part, this large number may reflect the paucity

of other genera and/or groups (e.g., Ascomycetes and Phycomycetes).
Another possibility is that some of the Pénicillium isolates which were
segregated as separate species may instead have been variants of other
species present.

This latter explanation would, however, only account

for the large number of Pénicillium species, not the large number of
isolates from the genus.
Ascomycetes and Phycomycetes were poorly represented in this study.
The relative absence of Ascomycetes may be of little significance
because they are, in general, not numerous on the species lists of
similar studies.
common.

Non-zoosporic Phycomycetes are usually somewhat more

One explanation for their being rare here may be the fact that

sampling was done at a dry site, during a dry time of year (early July).
In a study of soil microfungi from Wisconsin prairies, Orpurt and Curtis
(1957)

found that fungi belonging to the Mucorales occurred more

frequently in wetter soils.
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It is interesting that no species in this study were assignable to
the genus Fusarium Link.

Orpurt and Curtis state that although members

of this genus are rare in forest soils, they are "among the most
prominent and characteristic members of the prairie soil flora."

The

genus is reportedly rare from acidic and organic soils (Bhatt, 1970).
Perhaps the absence of fusaria here reflects the somewhat acidic pH
(ave. =6.2 ).

Microfungal Ordination
A major criticism of the soil dilution plating technique is that the
number of propagules of a particular species calculated to be present in
a given sample may represent only the heavy sporulation of a limited
amount of fungal mycelium (Griffin, 1972).

Such a count would therefore

say little about the relative importance of that species in the surround
ing soil environment.

For this reason, more weight is traditionally

given to species frequency values (i.e., the number of different samples
in which a species occurs/the total number of samples).

The assumption

is that a high frequency value is less likely to be due to chance than is
a high density value.
When relative density values were used to construct a linear
ordination (Figure 3), the samples appeared to be responding to a
moisture gradient.

If this is truly the case, it could indicate that in

some cases density values are more reliable than might be expected.
Density values may have been made more reliable by making a composite
from subsamples.

By doing this, the influence of propagules appearing

due to heavy sporulation would have been diluted.
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Some insight can be gained concerning the positions of samples on
the aforementioned ordination by considering the influence of various
species.

The most influencial determiners of sample position were

Pénicillium sp. 1 and 2.

In my samplings. Pénicillium sp. 2 was generally

more common in samples of high moisture, while Pénicillium sp. 1 was more
common in low moisture samples.

The influence of these species is strong

because of their high density and frequency values.
Another factor influencing sample positions seems to be the
contribution of semi-rare species.

Of the 10 species which occurred in

only 2 samples, 6 were found in corresponding sage and grass samples.
This helps explain why corresponding samples tend to be close to one
another on the ordination.
The differences in moisture content of the soil samples seems to
be explainable when the locale of the study site is considered.

The

sampling was carried out in an area which is something of an ecotone.
Plate II (Figure 1) shows the study site viewed from the northwest,
along with the locations from which samples were collected.

Samples 3,

4 and 5 (those samples with higher moisture contents) are located in a
part of the stand which is bordered by forest.

These three samples

likely receive less summer sunlight than samples 7, 8 and 9 which are
located in a more open part of the site.

Sage Samples vs. Grass Samples
It is a little surprising

that with respect to speciescomposition

no significant difference was apparent betweensage

and grass

samples.

Even if their is no influence on the part of secondary plant compounds.
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differences between the soil environments beneath plants and in grassy
areas might be expected.

These differences might be expected because of

variation in shade and litter accumulation (and therefore substrate),
The ability of roots to alter the soil environment, and thereby the
microfloral community, is well documented (the rhizosphere effect).

It

seems not unreasonable to assume that a relatively heavy litter accumula
tion beneath a sagebrush plant could alter the microflora 2-3 cm below
the surface.

Hypothetical mechanisms include such indirect effects as

the alteration of soil pH by the release of organic compounds, and such
direct effects as would be caused by the release of compounds which could
act as substrate or otherwise influence microbial metabolism (e.g., by
inhibition)It is possible that, as a result of such mechanisms, a difference in
the two microfloral communities does exist but is obscured by other
factors.

However, if as suspected, a moisture gradient (see Figure 3)

is influencing the distribution of fungi in this stand, the influence is
quite subtle.

This implies that any influence which can be obscured by

the soil moisture factor is even more subtle.

Liquid Culture Experiments

There is a considerable amount of literature which deals with the
antifungal properties of water extracts from various macerated plant parts
(e.g., Appleton and Tansey, 1975, and Nene et a l ., 1968).

However, the

applicability of this type of experimentation to an ecological study is
questionable.

Particularly with sagebrush, this technique brings the
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treated organism into contact with a large number of plant constituents,
many of which may never reach significant concentrations in the enviroment.

However, if a pattern of differential response could be demonstrated

between organisms which are likely to be exposed to these compounds and
those not likely to be exposed, it would have ecological meaning.
Most fungi studied were initially inhibited by macerated leaf
extracts in liquid culture.

After 7 days, this inhibition could not be

detected as a reduction in mycelial weight.
reasons for this:

There are two possible

(1) after 7 days, some other factor becomes limiting—

probably either self-inhibition by a culture-produced toxin or the
exhaustion of substrate;
detoxified or lost-

(2) an inhibitor in the extract becomes

The first possibility appears to play a definite role.

After 7 days, even the controls have slowed greatly in growth.

This

might allow extract treated cultures which were initially inhibited to
catch up.

The second suggestion is also a distinct possibility.

In

seed germination experiments, T. J, Watson (personal communication) has
found that over a period of several days volatile monoterpenes are
progressively lost from water extracts of sagebrush litter.

This

reduction in concentration was confirmed by gas-liquid chromatography.
My experiments with macerated leaf extracts failed to uncover a
response pattern which could be correlated with the source of isolates—
i.e., whether from beneath a shrub or from open grassy areas.
only two same-species pairs were examined.
number to draw any firm conclusions.

However,

This is not a sufficient

Probably the greatest value of

these experiments lies in the fact that they verified that certain
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compounds from sagebrush are fungitoxic.

Effects of Volatiles on Fungal Growth

The macerated leaf experiments were abandoned when it was found that
essential oils also produced an inhibition.

Such volatile substances were

preferred over macerated leaf extracts because (1) the number of compounds
to consider was reduced,

(2) a larger number of isolates could be

examined, and (3) a better idea could be obtained regarding the concen
trations of compounds used.
Large concentrations of volatiles were necessary to inhibit the
growth of fungi in culture.

The atmosphere in dishes which contained

15 ul of oils was at saturation levels for a least some of the volatile
compounds.

This was indicated by the fact that not all volatiles

evaporated over a period of 7 days-

It is unlikely that such concen

trations are ever reached in the environment surrounding soil fungi (see
later discussion).

As in the liquid culture experiments, it was

believed that results would only have ecological significance if a
differential response between sagebrush-associated and grasslandassociated isolates could be obtained.
Fifteen grams of sagebrush leaves in a 23 x 26 x 20 cm cardboard
box did not inhibit the growth of Pénicillium sp. 2.
explanation for this should be mentioned.

One possible

C. H. Muller (1965) has shown

that volatile compounds from Salvia leaves are absorbed by paraffin.
Whether the cardboard box or the plastic bag in which it was enclosed
could have such an effect is unknown.
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Although 15 g of leaves in such a chamber did not inhibit the
growth of this fungus, it has been shown that 40 g of leaves in an
identical enclosure will decrease (by 40-50%) the number of bacterial
colonies derived from soil plated onto nutrient agar (unpublished data)
The steam distillation process by which A. tridentata essential oils
were obtained is quite selective for monoterpenes.

The two most abundant

compounds in these oils are the monoterpenes camphor and cineole (Jackson
Scholl, personal communication).

Muller and Muller (1964) found these

two compounds to be the most inhibitory volatiles from Salvia leucophylla
when they were tested for their effects on the growth of Cucumis sativus.
Cineole has also been shown to inhibit the growth of several species of
bacteria (Muller, 1965).

In addition, it is possible to demonstrate a

great decrease in microbial counts from soil plated onto nutrient agar
when petri dishes contain 20 yl cineole (Plate VIII)

(unpublished data).

The results of my experiments with volatile essential oils furnish
the strongest support for the hypothesis that secondary compounds
influence the distribution of fungi in soils beneath sagebrush.

When

isolates of the same species from grass and sage samples were paired, in
ten out of eleven pairs examined, the sage isolate grew to a greater
percentage of control than did the grass isolate.
ecotypic variation, I am drawing no conclusions.

Although this suggests
In many cases, the

difference in inhibition between the two members of a pair was slight.
These experiments also furnished some evidence which does not
support the idea that certain species are selected for or against by
volatile compounds.

Alternaria tenuis (Plate VII) was the most commonly

PLATE VIII

Effects of vapors from 20 ]il of cineole on the number of bacterial
colonies from grassland soil.
Treated above, controls below.
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isolated fungus from surface sterilized sagebrush leaf litter.

This and

a species of Trichoderma plus an unidentified Hyphomycete obtained from
surface sterilized root fragments were all severely inhibited by the
volatiles.

In general, this inhibition was greater than for the grass

land species examined (Table IV).

No grassland isolates of these species

were available for comparison, but these results do indicate that fungi
which are very sensitive to sagebrush volatiles are nonetheless found
associated with litter and roots.
Another bit of evidence against this hypothesis lies in the fact
that monoterpenes have not been found in soil beneath plants in this stand.
R. G. Kelsey (personal communication) analyzed litter and soil samples
from this site for various secondary compounds.

In litter samples, he

found several terpenes (including cineole and camphor) as well as
coumarins, sesquiterpene lactones, and flavonoids.

The latter compounds

were present in soil beneath litter, but terpenes were not found.
The fact that terpenes were not found in the soil does not, however,
prove that they do not influence soil fun^i.

It is possible, for example,

that terpene vapors are present between soil particles, or that small
amounts of these compounds are washed down through the soil.

It is

also possible that terpenes might be present in the soil during a drier
summer.

Muller (1966) found that dry soil adsorbed terpenes from the

atmosphere more rapidly than wet soil.
It is interesting that not all of the isolates in these experiments
were inhibited by the oils.
(Table IV).

Two were enhanced in growth, one appreciably

That the increase in colony diameter was accompanied by an
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increase in biomass was verified by boiling away the agar medium and then
obtaining mycelial dry weight.

Fries (1973b) has reported similar results

Although most fungi he looked at were inhibited by conifer produced ter
penes, some were stimulated.

Respiration Experiments

The original purpose of respiration experiments was to compare the
response to sagebrush extracts of soils collected beneath shrubs with
that of grassland soil.
10

-3

and 10

-4

An attempt was made to determine what effects

M concentrations of the sesquiterpene lactone arbusculin-C

would have on total soil respiration.

No effect could be demonstrated.

However, during the course of these experiments, it was found that
macerated leaf extracts caused a sharp increase in soil respiration—
measured immediately after an equilibration period of approximately
30 minutes.
Although these experiments did not seem promising in terms of
differentiating between the responses of the two different soils, they
produced some interesting results worth following up.

First of all, they

were interesting because soil respiration was increased, even though
fungal isolates from the soils were inhibited in growth in pure culture
experiments.

Also, these experiments raised questions about what was

causing the respiration increase.
The increase in soil respiration rates brought about by macerated
leaf extracts and essential oils is in some respects similar to results
obtained by others.

Menzies and Gilbert (1967) found that vapors from
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water distillates of alfalfa hay, corn leaves, bluegrass leaves, barley
straw and tea leaves all increase soil respiration.

Gilbert and Griebel

(1959) reported an increase-decline-increase pattern in respiration rates
for soils treated with volatiles from alfalfa hay.

This pattern is

similar to the one shown in my Figure 5 where macerated leaf extracts
were added directly to the soil.

They suggested that this pattern was

due to an initial stimulation followed by a decline due to the toxic
effects of the treatment.

They attributed the second rise in respiration

to the recovery of surviving microflora which were stimulated by the
volatiles.

Whether my results are at all analogous to theirs is beyond

speculation at this time.
My observed increase in soil respiration with macerated leaf extracts
is likely due in part to the addition of new substrate.

However, the

increase is probably too rapid and too great to be attributed solely to
this factor.
effect.

Likely, secondary plant metabolites also play a role in this

Because respiration was increased before the extracts were poured

from the sidearms of the reaction vessels onto the soil, I suspected
volatile monoterpenes to be responsible for at least a portion of the
observed increase in respiration.
Experiments on soil respiration with volatile essential oils in the
sidearms of reaction vessels tended to support the idea that the observed
increase in respiration was attributable, at least in part, to volatile
compounds.

The stimulation of respiration by volatiles was not equivalent

to that observed when macerated leaf extracts were poured directly onto
soil.

This difference may be due to the fact that other factors (for

84
instance the addition of substrate) contribute to the increase in
respiration.

It is also possible, if not likely, that the effect of the

volatile oils is more acute when they are in direct contact with soil.
The results of respiration studies with pure fungal cultures imply
that when fungi are exposed to volatile essential oils, an inhibition of
growth is accompanied by an initial increase in respiration.

This

observation is interesting in light of research done by others.

McCahon

et a l . (1973) found that volatiles from A. tridentata leaves inhibited
growth and stimulated respiration in Cucumis sativus.

On the other hand,

Muller e^ a l . (1968) have shown that respiration, as well as growth, is
inhibited in C^. sativus seedlings exposed to volatiles from Salvia
leucophylla leaves.

Salvia and Artemisia do not have identical complements

of secondary compounds.

However, the potent monoterpenes camphor and

cineole are present in both.

The apparent discrepancies in these results

might be due to differences in concentrations and/or combinations of
volatiles in leaf material.
Weaver and Klarich (1976) found that air-dried soil exposed to
A. tridentata leaf material respired at a lower rate than control soils.
On the surface, this would appear to conflict with my data.

However, our

results cannot be directly compared because different experimental designs
were used.

They exposed soil to volatiles from leaf material first, and

then rewet the soil in the absence of vapor before measuring respiration.
I measured respiration in the presence of volatiles.

Furthermore, Weaver

and Klarich used leaf material as a source of volatiles, whereas I used
essential oils.

More research is necessary to clarify this problem.

85
The biochemical mode of action of these volatile compounds is still
obscure.

Lorber and Muller (1976) have recently reported an ultra-

structural study of root tip cells exposed to volatiles from Salvia
leucophylla.
cells.

They found several cytological abnormalities in treated

These included an accumulation of lipid bodies, a reduction in

the number of organelles including mitochondria, and a disruption of the
membranes surrounding nuclei, mitochondria, and dictyosomes.
These effects are not necessarily incompatible with the results of
the previously mentioned studies, including my own.

Certainly, gross

effects that would result in a reduction in the number of mitochondria
would also inhibit both growth and respiration.

However, there is a

possibility that a less severe alteration of mitochondrial membranes
might manifest itself as a temporary, apparent increase in respiration
rate.

In fact. Fries (1973a) has suggested a changing of membrane

structures as a possible mode of action for volatile compounds which
regulate metabolism.
One possibility is that volatile compounds from sagebrush act as
uncouplers of oxidative phosphorylation.

Lehninger (1970) describes

uncouplers such as 2,4-dinitrophenol as primarily "lipid soluble sub
stances that contain an aromatic ring system and an ionizable acidic
group."

In light of the fact that terpenes from Salvia disrupt membranes,

it is not unreasonable to suggest such a mechanism for these compounds.

Tentative Conclusions and Suggestions for Further Study

In a review entitled "Effects of Volatile Organic Compounds on the
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Growth and Development of Fungi” Nils Fries (1973a) made the following
statement:
It is easy enough to state that a laboratory
experiment shows the possibility of a volatile
compound being an environmental factor of
importance in nature, but it is hard to
exchange the word possibility for the word
probability and even harder to give the
statement the rank of a proven fact.
It is a statement appropriate to this thesis.

My experiments, along with

those of others demonstrate that sagebrush produces a variety of
compounds which affect the growth of fungi.

The emphasis here has been

on volatiles, most notably the monoterpenes.

Although these properties

can be demonstrated in the laboratory, it is unclear whether such effects
are present in nature.
My sampling failed to reveal a microfungal distributional pattern
influenced by the microenvironment beneath sagebrush plants.

Growth

experiments with litter and root fungi demonstrated no decrease in
sensitivity to volatile compounds compared with that of grassland species.
The most promising experiments from this point of view were the pairing
experiments which tentatively suggested an ecotypic variation between
same-species isolates from beneath plants and from open grassy areas.
Further work is needed with both volatile and other compounds before
any conclusions can be reached.
for this place and time.

My results can only be considered valid

They could have been different for a different

time of year or for a different stand of sagebrush.

For example, soils

in a more xeric environment may accumulate larger quantities of these
compounds.

As was mentioned before, Muller (1966) found that dry soils
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adsorbed larger quantities of terpenes than wet soils.
Another possibility is that I did not get far enough away from sage
brush plants when I collected grassland samples.
(3.6 - 6.1 m) was arbitrary.

The distance I chose

Since my study began, Rick Kelsey (personal

communication) has shown that sesquiterpene lactones from sagebrush are
present at distances from the plants which are comparable to the distances
of my grassland samples.

The influence of these compounds on soil micro

flora is still unknown,

the only work at present being the tentative

finding that total soil

respiration is not affected by the sesquiterpene

lactone arbusculin-C.
In future work it might be useful to take a more complete look at
sagebrush litter microflora.

The concentrations of secondary plant

metabolites so far investigated (especially monoterpenes) are higher in
litter than in soil.

If there is indeed ecotypic variation between

isolates of soil fungi from the two sample types, the phenomenon might
be more easily demonstrated using litter microfungi.
My observations in

the field indicated that there is heavier litter

accumulation beneath sagebrush canopies than is present in the adjacent
grassland.

There are, of course, several possible explanations for this.

They include:

(1) higher biomass production by sagebrush than by grass,

(2) more protection from wind which might blow litter away,

(3) slower

decomposition of sagebrush leaves than grass leaves due to structural
differences, and (4) slower decomposition of sagebrush leaves due to
secondary plant metabolites.

The possibility that living or dead leaves

inhibit decomposition by microorganisms is worth investigation.
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Finally, it is important that more information be gained regarding
the concentrations of secondary plant metabolites in the fungal environ
ment.

At the same time, information is needed concerning the responses

of fungi to various concentrations (and combinations) of these compounds.
With these two kinds of information more productive speculations could
be made as to whether, or how, these compounds influence the distribution
of fungi.

Chapter V

SUMMARY

The present study was carried out in an effort to determine whether
secondary metabolic products produced by Artemisia tridentata influence
the distribution of soil microfungi.

Two methods of approach were taken.

First, a comparative study was made of the soil microfungi beneath the
canopies of sagebrush plants and from adjacent grassy areas.

Second,

several of the resulting isolates were exposed either to macerated leaf
extracts or to vapors from volatile essential oils from sagebrush.

The

growth studies compared the response to volatiles of same-species
isolates from sage and grass samples ; they also compared the responses
of species isolated from surface-sterilized sagebrush litter and root
fragments with the responses of species isolated from grassland soil.
Based on observations made on 540 isolates, it was impossible to
conclude that any species favored one sample location (i.e. , sage or
grass) over another.

There was also no significant difference between

the number of fungal propagules per gram from the two sample types.

The

positioning of sanples along a one-dimensional Bray and Curtis ordination
(based on species density values) suggested that soil fungi in the stand
sampled may be responding to a soil-moisture gradient, rather than to
the influence of secondary compounds.
Aqueous extracts of macerated sagebrush leaves and steam-distilled
volatile oils from sagebrush were found to inhibit the growth of several
89
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species of fungi.

When same-species isolates were compared for their

responses to the macerated leaf extracts, there was no indication that
isolates from the two sample types were differentially affected by the
extracts.

On the other hand, when pairs of same-species isolates were

exposed to vapors from volatile oils, in ten of eleven pairs examined
the sage isolate grew to a greater precentage of control than did the
grass isolate.

This apparent trend was not confirmed by experiments

which examined the effects of volatiles on fungal species which are
closely associated with sagebrush.

Two species which were isolated from

surface-sterilized root fragments and another species found commonly on
sagebrush leaf litter were severely inhibited by the volatiles— in
general, more than the grassland species examined.

Therefore, although

some evidence suggests a possible ecotypic variation, other evidence
(albeit limited) does not support the hypothesis that volatile compounds
are selecting for resistant species.
Soils treated with macerated leaf extracts and vapors from volatile
oils were found to undergo an immediate increase in respiration.

An

increase in respiration caused by volatile oils was also observed in
cultures of two species of Pénicillium which had previously been found
to be inhibited by the volatiles.

These results raised questions about

the biochemical mode of action of these compounds, but they contributed
little to the knowledge concerning their ecological significance.
was not possible to conclude that soil collected beneath sagebrush
canopies responded differently to the extracts than soil from open
grassland.

It
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The results of this study give no firm indication that the soil
microfungal community beneath sagebrush shrubs is influenced by secondary
plant metabolites.

Although relatively large concentrations of essential

oils were inhibitory to most of the fungi examined, it is impossible to
say with certainty that secondary compounds are having similar effects
under natural conditions.

Some of the results reported here support the

hypothesis that secondary compounds influence soil microfungi, other
results do not.

The evidence appears to indicate that if secondary

compounds do influence the distribution of soil microfungi, the influence
is quite subtle.
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APPENDIX

Ordination Technique

In constructing the Bray and Curtis ordination, the Index of
Similarity between each two samples was first calculated by summing
the relative density values common to the two samples.

The Index of

Dissimilarity was then calculated by subtracting the Index of Similarity
from 100%.

The resultant Index of Dissimilarity values are presented

in a table which follows.
The two sage and grass sairples which were most dissimilar were
chosen for end points on the axis of the ordination.

Each of the

remaining ten samples was placed along the axis with the formula :

+ Da^ - Db^
Distance on axis = ----- — ------L is the dissimilarity value between the two end samples.

Da and Db are

the dissimilarity values between the sample being plotted and the two
end samples.

The distance on the axis is a value between 0 and 100,

one of the end samples being at 0 and the other at 100.
INDICES OF DISSIMILARITY FOR ALL SAMPLE PAIRS
S3
G3
54
G4
55
G5
57
G7
58
G8
59
G9

62
67
69
73
76
69
70
53
60
56
60

G3

S4

G4

S5

—
45
38
49
49
58
58
56
49
69
65

—
—
40
49
49
78
83
69
65
67
73

—
—
—
51
47
71
76
69
58
76
71

—
—
—
—
31
84
91
71
. 67
82
80

G5

S7

—
—
—
—
—
87
87
73
67
82
92

—
—
—
—
—
—
49
45
67
49
47

96

G7

S8

G8

S9

G9

—
—
—
—
—
.—
—
43
67
31
31

—
—
—
—
—
—
—
—
42
45
42

—
—
—
—
—
—
—
—
—
69
65

—
—
—
—
—
—
—
—
—
—
22

—
—
—
—
—
—
—
—
—
—
—

